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存活模块的核心蛋白 NFκB 进行负反馈调控作用时，9 种癌症中有 8 种的汉明
距离会在一定作用强度范围内不同程度的减小，而正反馈调控并不会影响汉明
距离。因此，我们预测了对于 TNF-α 诱导的信号通路，信号通路中的凋亡起始




































Cancer, as currently the biggest killer of human health, extensive research has 
been conducted since it was found. However, till now, cancer mortality rates are still 
rising as the mechanism for cancer research has no major breakthrough. Somatic 
mutation theory is the prevailing paradigm in cancer research. Based on such a theory 
and the development of gene sequencing technology, a better understanding of cancer 
has been achieved from the molecular level. But it also led to the explosion of cancer 
data directly. Based on extensive data and the established appropriate models, to 
systematically and quantitatively reveal the inherent mechanism of biological systems 
and to provide the theoretical guidance for experiment, is the core concept of systems 
biology. On the basis of systems biology theory, we have studied the following two 
currently problems in biology. 
1. Synonymous mutations in cancer development 
Synonymous mutations, which do not alter the encoded proteins, have not been 
concerned in the mutations and diseases association analysis process. However, 
accumulating evidences began to suggest that synonymous mutations could 
apparently have some biological functional consequences, and thus contribute to 
human disease. In this study, by performing systematic analysis of the TNF-α 
signaling network model, we identify the critical dose which separates the cell 
survival and apoptosis regions. Gene mutations could affect the proteins biochemical 
reaction processes and subsequently change the critical dose of TNF-α which reflects 
the cell fate. The proteins biochemical reaction processes can be characterized by the 
model parameters. And then, we established the relationship between the parameter 
sensitivity of the critical dose and cancer gene mutations. Combining with the cancer-
related mutation spectra obtained from 9 cancers, we discuss the correlations between 
parameter sensitivity and the corresponding genes with the three typical point 
mutations, i.e., nonsense, missense and synonymous mutations, respectively. Our 
results hint that, in some cases, compared with nonsense and missense mutations, 
synonymous mutations indeed exhibit a better correlation with the parameter 
sensitivity of the signaling network. Strictly speaking, cancer is a consequence of 
combined action of several somatic mutation types. The comparison shows that, after 















the parameter sensitivity spectrum particularly for the first 6 cancers, while the other 
3 cancers show similar correlation. These results reveal that, besides the nonsense and 
missense mutations, the functional consequences of synonymous mutations in cancer 
development cannot be ignored. 
2. Prediction of protein-protein interactions (PPIs) 
To determine the interactions between proteins and how the cell exhibits 
physiological functions through these interactions are the key issues for a long time. 
Though various high-throughput techniques have been applied to study PPIs in 
experiments, the reliability of the data is often concerned as several experimental 
limitations are presented. We therefore speculate that another factor for the hamming 
distance (HD) may be due to the missing PPI in the signaling network model. Apart 
from pancreas cancer, if we propose the negative feedback loop of caspases on NFκB, 
HDs for new models with negative feedback are smaller than for the original model in 
certain ranges. Whereas considering the new models with positive feedback, the HDs 
are barely influenced. In consequence, our discussion clearly shows that the caspases 
family proteases (caspase3, 6, 8) may directly or indirectly inhibit NFκB activation to 
suppress the expression of anti-apoptotic genes. Such suppression provides a potential 
mechanism to convert cells from survival to apoptosis. And our conclusion is also 
supported by several experiments. 
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最近的一项数据显示，仅在 2012 年这一年当中，全世界就有超过 1.41 千万新
增癌症患者，其中 820 万例因癌症死亡[1]。对于约占世界人口五分之一，全世
界约有 22%的新增患者和 27%的死亡患者来自中国。最新发表在 CA: A Cancer 
Journal for Clinicians 上的一篇题为《Cancer Statistics in China, 2015》的文章，
统计分析了国内最新的癌症发病率和死亡率等特性的主要变化趋势[2]。结果表








特殊的能力。2011 年 3 月，Cell 杂志在线发表了题为《Hallmarks of Cancer: 


























图 1.1 癌症的十大特征及其可能的治疗靶点[3] 
1.2 体细胞突变 

























2576 个体细胞突变，影响了 967 个基因。这其中 2400 多个突变是之前未曾报
道过的，从而揭示了癌变遗传机制的复杂性。 
    在细胞中，DNA 是通过转录过程将遗传信息传递给 RNA，随后 RNA 再通
过翻译过程将信号传递给蛋白质。当细胞因受外界环境刺激，导致 DNA 分子
上碱基对的序列发生变化，改变氨基酸的组成，进而编码出异常的蛋白质，引
起机体组织的功能出现异常。如图 1.2 所示，基因突变一般可分为以下三类： 
 
图 1.2 基因突变的种类[*] 
    错义突变（Missense）：是指 DNA 链上的碱基发生改变，引起密码子变
化，从而编码出另外一种蛋白质。如图 1.2 中的 DNA levels 上的碱基由原来的
T 变成了 C 或是 G，最终由本该编码出 Lys 蛋白质变成了 Arg 或是 Thr 两种蛋
白。 
    无义突变（Nonsense）：是指 DNA 链上的一个碱基发生改变，形成终止
密码子，最终并不能合成相应的蛋白质。如图 1.2 中的碱基由原来的 T 变成了
A，密码子由原来的 AAG 变成了终止密码子 UAG，从而不能编码相应的蛋白
质。 
    同义突变（Silent/Synonymous）：是指当 DNA 链上的碱基发生改变时，
改变后的密码子仍可以编码同一蛋白质。如图 1.2 中的碱基由原来的 C 变成了
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